Sir, The discovery of MRSA encoding the mecA variant mecC from dairy cattle and humans, 1 and then subsequently from a diverse range of other host species, 2,3 has raised questions over the origin and epidemiology of this resistance determinant. In addition to Staphylococcus aureus, mecC has been described in other staphylococci, namely Staphylococcus xylosus, 4 Staphylococcus sciuri,
Staphylococcus stepanovicii, 6, 7 Staphylococcus saprophyticus 8, 9 and Staphylococcus edaphicus, 10 all of which are methicillin resistant with the exception of S. xylosus. The mecC of S. aureus is encoded within an SCCmec type XI element, carrying a class E mec gene complex associated with the genes ccrA1 and ccrB3, corresponding to a type 8 ccr gene complex. 11 This is not the situation in the other mecC-positive staphylococci reported to date. In these species, although mecC is part of a conserved class E mec gene complex inserted into the orfX region, the neighbouring sequences vary considerably between the different species with little homology to SCCmec type XI or any other known SCCmec type and do not always contain ccr gene complexes. [4] [5] [6] 10 Herein we describe an S. xylosus isolate, 47-83, from bulk tank milk collected in Sussex, England in 2013, which encodes mecC within a highly conserved SCCmec type XI. The isolate was found during the screening of bulk tank milk for MRSA, as described previously. 12 It grew on MRSA Brilliance MRSA 2 agar (Oxoid, Basingstoke, UK) and was resistant to oxacillin and cefoxitin by disc diffusion. Susceptibility testing of 47-83 using the VITEK 2 card AST-P634 found it to be susceptible to chloramphenicol, ciprofloxacin, clindamycin, daptomycin, erythromycin, gentamicin, linezolid, mupirocin, rifampicin, teicoplanin, tetracycline, tigecycline, trimethoprim and vancomycin, but resistant to penicillin, oxacillin, cefoxitin and fusidic acid. Genome sequencing, using Illumina HiSeq 2000, assembly and sequence analysis of 47-83 (as described previously 5 ) showed the isolate encoded mecC within an SCCmec type XI with high nucleotide identity to the prototype SCCmec type XI in LGA251 1 ( Figure 1a) . No other genes likely to confer methicillin resistance were apparent in the 47-83 genome. A homologue of fusD from S. saprophyticus ATCC 15305 (accession number NG_050585.1), which encodes fusidic acid resistance, 13 was identified. The fusD homologue of 47-83, locus tag BJT83_RS07865, shares 75.2% nucleotide identity and, as with ATCC 15305, is located within the chromosome distinct from the SCCmec element. The SCCmec region of 47-83 was identified on a single contig (FMRS01000004.1) and shares 92% coverage and 99% nucleotide identity with the SCCmec region of LGA251, corresponding to the genomic region 33 941-63 701 of LGA251 and 316 322-344 057 of 47-83. In contrast, 47-83 SCCmec is distinct from the mecC region previously described in S. xylosus S04009 (accession number HE993884) ( Figure 1a ). 4 At the nucleotide level the SCCmec region of 47-83 only shares 22% coverage and 91% identity with the orfX region of S. xylosus S04009, corresponding to coordinates 916-1395 and 11 086-16 258 in S04099 and 316 282-322 285 in 47-83. This lack of coverage is primarily due to the presence of an arginine catabolic mobile element (ACME) and a myo-inositol utilization cluster within the orfX region of S04009 that is absent in 47-83. However, the S04009 region downstream of the myo-inositol cluster shares homology with 47-83. Comparing this region with the equivalent region in strains of S. xylosus lacking mecC suggests that this sequence is unrelated to the SCCmec and part of the S. xylosus core genome. An attR sequence was identified in 47-83, sharing 97% identity with the attR of LGA251 SCCmec (Figure 1a and b) , but no attL sequence could be distinguished. However, a putative attL, attL 0 , was identified within the SCCmec type XI of both LGA251 and 47-83 (Figure 1a and b) . This putative attL is potentially inactive as it lacks the central cytosine thought to be essential for recombination between the chromosome and SCCmec, which is usually located within the highly conserved 8 bp region of the att sites (Figure 1b) . 14 In the apparent absence of a terminal attL site and with sequence homology between the 3 0 end of SCCmec type XI in LGA251 and the S. xylosus core genome it is difficult to define with confidence the 3 0 terminus of SCCmec type XI in 47-83 with the element likely to be between 22.5 and 25.9 kbp in size. Interestingly, the two ABC transporter genes in 47-83 share nucleotide identity with those of both LGA251 and S040009 (and other S. xylosus). SCCmec type XI into the 47-83 chromosome resulting in the disparity in sequence similarity between the two ABC transporters, with one more S. aureus-like and the other more S. xylosus-like. Consistent with this possibility is the sequence divergence downstream of the ABC transporter genes, with 47-83 lacking the arsCBR genes found at this position in the SCCmec type XI of LGA251. In both S04009 and 47-83 an arsCBR locus is found elsewhere in the genome. Notably, S. xylosus 47-83 encodes an intact prototype mecC allele rather than the mecC1 allotype found in S04009, which is inactivated by a nonsense frameshift mutation. 4 To the best of our knowledge this report represents the first description of a highly conserved SCCmec type XI region in a Staphylococcus species other than S. aureus and provides the first evidence for the horizontal transfer of the SCCmec type XI element between Staphylococcus species. We believe this also to be the first report of a methicillin-resistant S. xylosus encoding mecC, which may have implications in the diagnosis and treatment of bovine mastitis, further highlighting the diverse resistance determinants, to clinically important antimicrobials, present in animal staphylococci.
Nucleotide accession numbers
The accession numbers for S. xylosus 47-83 sequencing reads and assembly are ERR387194 and GCA_900098615.1, respectively. The sequences of attR and attL sites from S. aureus N315 (accession number NC_002745), S. aureus LGA251 (accession number FR821779) and S. sciuri GVGS2 (accession number HG515014) were aligned and compared with those identified in S. xylosus 47-83. The highly conserved core 8 bp region is represented by black, bold font. The black triangle indicates the position of the central cytosine, thought to be essential for recombination between attB and attSCC. Inverted repeats are marked by the underlined bases. This figure appears in colour in the online version of JAC and in black and white in the print version of JAC.
